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their being first members of hmtolc~ous series. “Iariotisroutes

for preparation of carbm-13 labeled aethanol, formaldehyde,

and cyanide are compared. Costs for qrepar~tian~ by the dif-

ferent methods at several scales of reaction should he care-

fully considered when choosing a synthetic route. Research znd

development expenditure to increase yields is an ir~crtant,

easily underestimated, econcunic consideration, part~cularly for

saall-scaleO nonrepetitive preparations.
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“Jorsa, depending on particular situations; for example, formic

acid can be prepared from cyanide, and cyaaidc can be prepared

fzom formic acid. The last conpound, on the lower right (al-

though containing more than one carbon is functionally a one-

car~on compound) , is TosMIC -- an exampie of onc of the newer

rcagonts for oryanic syn~hesis (2) which ~hould prove increas-

ingly u5cful in labeling.

In deciding on which particular synthetic zchem? to se-

lect from amvnq 5ovcral Fussibilities thvqe are a nrnbcr of

:dctors to be considered (?iq. 2) . ?hert? are certain requii”e-

mcRI.s concerning the prctiuct anu the met!:od that ;;’ustbe met.——

wh~;n the cF,e.mi5tsets out to prepare the ccfilpound~which will

,:ffect hi~ choice, as well as tileavaiiahility Of matcriaist

;!~ipdratus,and people with whit!: to cdrry it out. ‘nhQ nature

of ~!]~ !nhpl ~i~~;rnd, that is, which isotope at what cnrichmerlt

~nd in which m!,~cular ~ite i~ of pr;:dzry importance (of

col:r::r,for onc--cdrbon 1.3C ccm2ccnd:; t~c:;edrc automfltic).

Eept=nclingon ?.hctimount of product desired, cu::tain :procetlurcs

may be more de:;irahle than othi?rs; .scmem.’tynot sciilc up, scme

nay not scal(? down, and for a small amount, a low yield but

quick and easy route is likely to be preferable frcm the eco-

nomic standpoint, as well as in nee’:ing a ~hort dcildlinc. Both

deadlines and economics sometimes benefit when the purity re-

quirement is realistic. For example, if product methanol
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cmtains water, there is little point in rend.: ring it anh-,”drou~

if it .is to be cazbonylated to acetic acid -- z reaction tha’:

needs water any-day. Future needs and rciditional uses for the

product can justify a larger :cale which invari=hly makes Eor

lower unit cost. They can also justify, along w!~h the possib-

ility of future repetition, spending ~ore devolognent time or

devising of new procedures. S i ncc
. . .

zrgan:c syr,tncs~s 1s, An

large part, art, as well as science~ the challc’nge prese~”~d ky

the problem can have quite an effect CR ?,09JXC>I1 ?k~?(:ther re-

quirements ‘re ,mct; esthetics can a~zo ll?ad t; .?c.:n:;{derablc

increase in unit cost, at least frcm the s:crz-rzzqc Gi+”fi.;oint.

A preparative route that nay he an 05’::cLs r:fioicctur one

laboratory may be far from de~irabie for anotfier. ?hc avail-.—

abil~ of facilities, experience, and ty?c oi ~;’(;p!eto c.lrry.—

out the wcrk can he very different. A l~ihor~-fl-””t!:~itis well...---

~tockcd with a variety of autoclca-.-esand FrI:’.S.:.LrO‘:o::sPIsi~nd

people with an interest in them is =,ore i:<ely ‘o carry out a

reduction by catalytic hydroqenat.i~n t.::.~n i: ~ !+D that h.ls

~pecialized in metal hydride rcacticns. ‘1’hPCECnical ig!”illCf

t~vailable isotopic starting materials c~n alto .I:tect the

choice of a route. For example, if ~ab~lpd f(?r71iC3Cid !?dppc?ll:j

to be Left over from a previous preparation, f.:L?chcrit’npath to

formaldehyde is likely to be different than if l~hcled meth~nol

or carbon dioxide were to be the ~startjnq ,materi.~1..Ancl, af
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Col!rse, life ccn ticsimplified greatly when the particular re-

quirements (including the ‘sthetics) can be satisfactorily met

by a commercial. source.

Perhaps the most com..on one-carbon i:~termediate is metha-

nol. It will serve as an sxample in a process which is helpful

in dc-tiding among alternative synthetic scheme~. One route is

the h:Jdride reducaion rf carton dioxide using reagents with

!]igh boilinq points, which pe~nit easy isolation of the metha-

nol (Fig. 3, !?oute A). This pracedure was developed by

?Jystram, Yiinko, and Brown (3) in the late 1940s for

14
C-methanol and recently applied for the 13C-analog (4).

St.~ndard appar;:tllsand techniques founa in any laboratory are

cs~d. Rcutc B wau developed for relatively large-scale prepa-

r~t~.cns (prckmb].y larger by far th~n most individual j.nw#estiga-

:.nrsneed) , ~!.though it does scale down quite ●icely (5). The

“~!cld is a little better, and th~ only work up r~quired (if

t!:.it)is removal of the mole of water.

But is the higher yield and easier procedure (once the

apparatus is in operation) economically justified on the more

usual laboratory scales? In Table I the cost estimates (except

for the isotopic carbon dioxide) are quite crude; but it is not

the absoLute values that are so important as it is the compari-

sons, and the relative numbers should be more independent of—

bad gUP5S@5a Juct the mechanics of actually sitting clown and
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preparing something like this gives additional input to the de-

cision making process. Three scales of reaction are illustra-

ted -- 1-, 10-, and 100-grams of methanol, and two levels of

operational expense that equate to about $10,000 and $50,000

per man year. In this example, the two routes are not tremen-

dously different in cost, and choice between them prokably de-

pends more on the other factors, It is obvious, however, that

there is a real quantity price break, and also, that if one of

the senior staff has some inexpensi-~e tec;]nical help that csn

do the preparation, he can get 10 grams Lor less than the cost

oi 1 gram doing it himse.Lf. Another thing to notice is that if

all that is required is 1 gram, it is a fairl’{ safe econor,ic

gamble just to go with Route A and no trial runs. Usually

thoqqh , in practice, esthetics and such matters enter in and

this will not be done. l’he isotope is not always the most ex--

pensive thing in the pot.

Cyanide is another important and versatile i~termediate.

‘Theprocedure on the upper portion of Fig. 4 (6) is more adapt-

able to large scale or repetitive requirements in that more

nonstandard equipment must be assembled. There was aIIunplan-

ned fringe benefit in having a large-scale methane synthesis

method already available when the requirement arose for mass-21

:~ethane to be used in trials as an atmospheric tracer (7). The

method on the lower part of Fig. 4 (9) is quite straight-



forward, using conventional equipment, but the yield is lower,

HCN evoluticn is slow, and the crude product has to be purified

by regeneration and absorption of HCN -- not too complicated,

but time consuming HGpefully, someone soon will come up with

a new and nicer scheme -- perhaps based on some of the more re-

cent methods developed for dehydrating amides to nitriles.

Hydroqen cyanide is merely the nitrile corresponding to form-

amide, but example= are already known which work well for

higher molecular weight amides, although fail for this prepara-

tion (8).

Industrial production of formaldehyde is by catalytic

oxidation of methanol. Such procedures are also adiptable to a

laboratory scale and have been applied to 13C- and 14C-

f~rmaldehydes w~th yields around 85 or 90% (l). Th~’;r chief

disadvantage is that much development time is used in making

dozens of trial runs to optimize flow rates, ratio of methanol-

to-air~ temperature, and so on, and almost invariably a few

trials of new, different, and hopefully improved catalyst for-

mulations. Direct reduction of carbon dioxide by lithium alu-

minum hydride (Fig. 5) (9) is much simpler, especially for

small amounts, although the yield is lower. Reduction of the

formanilide (9) is also very convenient, particularly if the

formate (6, 10) or formanilide can also be used for other pur-

poses, which is often the case. Whatever possibilities are

L
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considered~ the requirement as to the desired form -- whether

formalin~ paraformaldehyder or the monomer -- will need to be

considered.

Figure 6 illustrates a preparation of tosylmethyl isocya-

nide (11) (a “multi-carbor., one-carbon intermediate”) . The

starting material is again formate-
13
C for labeling at the

cyanide carbon to provide a reagent useful in heterocyclic syn-

theses. 13By employing methylamine- C the methylene carbon

can be labeled. Over the past several years a variety of these

new type “umpolung” reagents have been appearing which should

find applications in isotopic synthesis -- not so much perhaps

in introducing a single label, but in labelinq a specific site

in a mul::iply labeled nompound. TosMIC, for example, can be

used to prepare symmetrical an3 unsymmetrical k~tones and 1,2-

diketones, i?-hydroxyaldehydes, carboxylic acids, and nitriles

(2).

One of the best ways to assure a s~ccessful, economical

preparation of a labeled compound is to make use of an effi-

cient, well-developed procedure that has been selected after

careful considerations of the varioas Requirements and specifi-

cations for the labeled product as well as of the particular

capabilities that are available in the laboratory in which the

preparations will be performed.
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CH30H

CH31

CH3NH2

CH2N2

CH4

CS2

Cos

Ficure 1-—

NaCN

KCNO

Y.CNS

H2NCN

(H2N) ~CO

(HqN) ~cs&

(H2N) ~CNIi

HCHO

HCOOH

IICONH*

HCC13

Coc1~

(Rol fo

T~jCH22~C
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(EkCCH2C!i,0)~
.lco2 + 3LiAlH4 * L.i.Al(OC113)4+ 2L.iA102

Bu (ccH2cHq) ~ori.“.
~iJ\’! (CCH3)~ * CH30H + Li.Al(OR)~

(!35-95:)

Route B-— ,—.

cll-cr-zi-l
co, + 3H2 ~fl~~ CH30H + H20

..
(97-99%)
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RuO,
CO + 3H2 ●

3oo~
& CH4 + ii20

CH4 + 2NH~ Pt
1000° - RJH4CN+ 3H2

Wic:l + Nmli ~ NciCN + N113+ 1i20

(90-95%)

~ofi
lICOOR+ NH3 9 llCONH2+ ROIi

!ICONH2 T1{F m licN +“ fqo + CIIC13
CX14, J?3p

IIC?J + NilolI ~ NacN + H*O

(65-70%)
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C02 + LiAlH4

Fi.sure 5

1) ‘1’!!F, 00 a
2) C1i301i,HC1 iIcHc)

(55-65%)

CO + NaOH
200° I:COONa

HCOONa + C6;!5NHCH3”HC1 150°
~ c5H5sl (cli3)c!!o

LiA11i4
C6H5N(CH3)C1!0

TIN? HCHO
(75-80’A)



E’icjurc 6

lJ l!lo”
‘cooNa + C;13:’H2-‘ic~ 2)

-
250°

~~~:IHcH3

p-CH3C6H4S02C1.
IicoNiIcH3 ● CH331C

P-c!i3c61i4s02F
pi3.Jc > P-CH3Cb1i4S02CH2NC


